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Presently,  the  Degradation  Effects  Lm  (DTP)  and  others  are 

using  regression  equations  relating  the  striking  velocity  for  cylinders 
as  a  function  of  their  penetration  into  wallhoard.  This  effort  grew  out 
of  the  question  of  whether  actual  bomb  fragments  would  have  a  similar 
regression  equation.  This  phase  of  the  study  is  concerned  with  testinp 
lS-grain  bomb  fragments.  As  a  follow-up  study,  AO-grain  and  240-grain 
bomb  fragments  will  be  investigated. 

The  author  wishes  to  thank  R.  Brandt  (ATRD)  for  his  suggestions  on 
analytical  techniques  for  data  evaluation,  The  ATRD  range  crew  composed 
of  Jack  Byrne,  Clyde  Wallace,  Sgt  Ron  Steams,  Sgt  John  Prayer,  Rgt  T.C, 
Costello,  and  A1C  F.arl  Farabaugh  provided  the  necessary  technical  support 
and  instrumentation. 

Information  in  this  report  is  embargoed  under  the  Department  of 
State  International  Traffic  In  Arms  Regulation*.  This  report  may  he 
released  to  foreign  governments  by  departments  or  agencies  of  the  If. S, 
Government  subject  to  approval  of  the  Air  Force  Armament  laboratory 
(ATRD),  F.glin  AFB,  Florida  32542,  or  higher  authority  within  the 
Department  of  the  Air  Force.  Private  individuals  or  firms  require  a 
Department  of  State  export  license. 

This  technical  report  has  been  reviewed  and  is  approved. 

CHARI.ES  K.  ARPKE,  I.t  Co1>U.SAfN 
Acting  Chief,  Technology  Division 


ii 


ABSTRACT 


The  primary  objective  of  this  program  was  to  define  a  function 
between  the  striking  velocity  for  15-grain  random  shaped  bomb  fragments 
and  their  depth  into  the  wallhoard  trade  named  Vu-Wood.  These  fragments 
were  fired  from  a  20mm  Mann  barrel  into  bundled  Nu-Wood.  The  fragments 
were  lightly  filed  to  fit  into  a  O.Q7<  w'l.O.T  gram  weight  range.  The 
striking  velocities  were  in  the  500  ft/sec  to  5000  ft/sec  range.  The 
graph  of  fragment  striking  velocity  as  a  function  of  depth  into  Mu-Wood 
showed  a  wide  range  of  depths  for  approximately  1000  ft/sec,  .1000  ft/sec, 
and  5000  ft/sec  striking  velocities.  A  least  squares  curve  would  not 
he  valuable  since  the  penetration  spread  is  too  wide  at  given  velocities. 
Fragment  penetration  into  Nu-Nood  from  firing  cylinders  does  not  give 
a  realistic  picture  of  15-grain  actual  homb  fragmentation  spread.  The 
fragment  penetration  into  Nu-Wood  was  found  to  he  a  momentum  as  opposed 
to  a  kinetic  energy  effect.  The  depth  of  penetration  is  not  a  primary 
function  of  the  presented  area  and  perimeter  of  the  impacting  fragments 
for  3000  ft/sec  and  5000  ft/sec  velocities.  Shots  at  1000  ft/sec  reveal 
a  dependence  on  the  presented  area  and  perimeter  of  the  impacting 
fragment , 


(The  reverse  of  this  rage  is  blank) 
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SECTION  I 
INTRODUCTION 

Actual  15-grain  bomb  fragment  'irings  into  Nu-Wood  were  conducted 
at  Range  22,  Eglin  AFB,  during  the  months  of  July  through  September  1969. 

The  primary  objective  was  to  define  a  function  between  striking 
velocity  and  depth  into  Nu-Wood.  Secondary  objectives  were: 

a.  To  find  if  the  penetration  into  Nu-Wood  is  a  function  of  the 
presented  area  and  perimeter  of  the  impacting  fragment. 

b.  To  determine  if  the  penetration  of  actual  15 -grain  bomb  fragments 
into  Nu-Wood  is  a  momentum  or  kinetic  energy  effect. 

c.  To  observe  the  breakup  characteristics  of  actual  15 -grain  bomb 
fragments  in  Nu-Wood. 

d.  To  determine  the  extent  of  deflection  of  the  fragments  relative 
to  projected  paths  in  air  and  Nu-Wood. 
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SECTION  II 
TEST  SET-UP 


The  general  test  set-up  for  the  firings  is  shown  in  Figure  1. 
Figure  2  shows  the  co-ordinates  XjYj,  X2Y2,  and  X3Y3  on  the  three- 
dimensional  view  of  the  bundle.  The  lower  left  hand  comer  of  the 
bundle  serves  as  the  origin. 


Figure  1.  Test  Set-up 


SF.CTTON  III 
PRIMARY  0 MOTIVE 


Figure  3  shows  the  finalized  graph  of  striking  velocity  as  a 
function  of  depth  of  penetration  into  Nu-Wood.  These  striking  velocities 
were  obtained  by  correcting  the  fragment  measured  velocity  for  air  drag. 
The  air  drag  correction  was  0.1242  times  the  measured  velocity  to  give 
the  striking  velocity.  This  was  obtained  from:  1 


Vg«  Striking  velocity  (feet/sec). 

V  =  Average  measured  velooity  between  the  screens.  The  first 
screen  is  at  xo=0,  the  second  at  x  =  li  feet  (ft/sec}, 

S  *  Distance  from  the  first  screen  to  the  target  (11  feet). 

a  =  0.0327  (constant  for  an  air  drag  coefficient  (\p  0.040,  and 
density  of  air,  p=  0.310  grains/in-''). 

M  =  Mass  of  fragment  in  grains. 

Valid  data  points  and  data  points  estimated  from  powder  charges  are 
plotted  on  Figure  3.  The  fragment  weight  range  of  0.97<w<_1.03  grams  is 
not  a  function  of  depth  into  Nu-Wood.  Figure  3  illustrates  tne  wine 
spread  in  depth  of  penetration  at  striking  velocities  near  3000  ft/sec 
and  5000  ft /sec. 

A  means  of  classification  of  the  fragments  into  shape  categories 
was  found  from  close  examination  of  the  fragments  and  solving  for  D  in: 

LND  =  w 

P 

I.WD  =  Length  Width  Depth  where  L>W>P  (in.). 

w  -  Weight  of  fragment  (lhs). 

p  =  0.284  lhs  as  the  general  density  of  steel. 


WMENCUTURE: 

I.  SHAPE  CLASSIFICATION: 


pure  3.  Striking  Velocity  versus  Penetration  into  Nu-Wood  for  15-Grain  Bomb  Fragments 
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1  Hint  rate#  the  fragacenta.  figure  4  fragment*  I  through  ?ft  were  not 
photographed  before  th*  firing*.  After  firing,  many  fragments  were  ln»t 
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Figure  S  ha*  a  regression  plot  of  a  penetration  equation  obtained 
by  firing  *teel  cylinder*  into  wallboard  trade  named  Vu  Wood  and  Mint* 
kote,  The»e  cylinder*  had  characteristic  velocltlea  from  V>;<  ft/»ec 
to  17, ’ax  ft/aec,  me**#*  fro*  0,74  grains  to  741, in  rralm,  and  n*  to 
70*  obliquity  from  the  projectile  petb  to  the  perpendicular  to  the  Nu-Hood 
aurface,  Tl\e  flnallied  regression  equation  uaed  for  the  plat  la:  * 

va  •  H?MI{*)°-><'*J(W;/^)0',8y> 

V,  *  Striking  velocity  of  ateel  cylindrical  fra*m«nt*  (ft/aec) 

X  •  lepth  of  penetration  iaea*ur*d  pmrpendlculir  to  the  Nu-taood 
aurface  (In.) 


k  •  n.oona 

M  •  Meat  of  fra*ment  (grains) 


?  Till  *  will  he  termed  the  Thoi  regression  equation,  the  Ihor 
re*reaalon  plot  for  cylinder*  doea  not  fit  closely  to  the  diatrlhut  ton 
of  l'»*greln  bomb  fragmeit  data  point*,  I, on*  chunks  and  fiat  chunks  do 
fit  within  an  acceptable  ran*#  of  the  Thor  riot, 
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Nu-Wood  Fragment 
Penetration  Depth 


Fragment 

1 


No  Recovery 


Fragment 

2 


No  Recovery 


breakoffs 


Fragment 

3 


Weight: 

1 .00  0.01  grams 

Weight : 

1.00  ♦  0.01  grams 

Weight : 

0.9$  +  0.01  grams 

Length: 

0.366  inches 

Length: 

0.406  inches 

Length: 

0.691  inches 

Width: 

0.340  inches 

Width: 

0.300  inches 

Width: 

0.308  inches 

Fragment 

Fragment 

Fragment 

4 

5 

6 

No  Recovery 

« 

•> 

Weight: 

1.00  ♦  0.01  grams 

Weight: 

0.94  ♦  0.01  grams 

Weight : 

1.00  ♦  0.01  grams 

Length: 

0.459  inches 

Length: 

0.453  inches 

Length: 

0.453  inches 

Width: 

0.413  inches 

Width: 

0.316  inches 

Width: 

0.321  inches 

Fragment 

Fragment 

Fragment 

7 

fi 

9 

No  Recovery  No  Recovery 


Weight: 

1.00  ♦  0.01  grams 

Weight : 

0.94  + 

0.01  grams 

Weight : 

1.00  + 

0.01  grams 

Length: 

0.396  inches 

Length: 

0.443" 

inches 

Length: 

0.525" 

inches 

Width: 

0.340  inches 

Width: 

0.316 

inches 

Width: 

0.387 

inches 

Fragment 

10 


Fragment 

11 


Fragment 

12 


——breakof  f 


No  Recovery 


N-  Reel  very 


Weight : 

0.94  + 

0.01  grams 

Weight : 

0.94  + 

0.01  grams 

Weight : 

1.00  + 

O.Ci  grams 

Length: 

0.680 

inches 

Length: 

0.438- 

inches 

Length: 

0.565 

inches 

Width: 

0.382 

inches 

Width: 

0.378 

inches 

Width: 

0.300 

inches 

Figure  4,  15-Grain  Bomb  Fragment  Shapes 


11 


Fragment 

13 


Weight:  1 .00  +  0.01  grams 
Length:  0.482  inches 
Width:  0.355  inches 


Fragment 

16 


No  Recovery 


Weight:  0.94  +  0.01  grams 
Length:  0.490  inches 
Width:  0.345  inches 


Fragment 

14 

No  Recovciy 


Weight:  1.00  ♦_ 0.01  grams 
Length:  0.643  inches 
Width:  0.288  inches 


Fragment 

17 


Weight:  0.94  +_  0.01  grams 
Length:  0.770  inches 
Width:  0.290  inches 


Fragment 

IS 

No  Recovery 


Weight:  0.94  ^0.01  grams 
Length:  0.395  inches 
Width:  0.357  inches 


Fragment 

18 


No  Recovery 


Weight:  1.00  +0.01  grams 

Length:  0.455  inches 
Width:  0.320  inches 


Weight: 
Length : 
Width: 


Fragment  Fragment 

19  2° 


0.94  +  0.01  grains  Weight:  1.00  0.01  grams 

0. 505— inches  Length:  0.539  inches 

0.4.0  inches  Width:  0.280  inches 


Note:  These  ink  blot  copies  of  fragments  are  slightly  larger  than  the  actual 
specimens . 


Figure  4.  (Cont'd) 
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SECTION  IV 

SECONDARY  ORJF.CTIVF.S 


Table  IT  data,  obtained  from  I' if  *  5,  reveals  no  significant 
relationship  between  depth  of  penet\ai-ion  as  a  function  of  presented  area 
and  perimeter  of  impacting  fragments  at  3000  ft/sec  and  5000  ft/sec. 

At  1000  ft/sec  there  is  a  correlation  with  increasing  penetration  and 
decreasing  impacting  fragment  presented  area  and  perimeter. 

Table  III  data  shows  that  fragment  penetration  into  Nu-Wood  is  a 
momentum  rather  than  a  kinetic  energy  effect.  This  results  from  the 
penetration  to  be  a  function  of  velocity  rather  than  velocity  squared. 

The  striking  velocity  can  be  linearly  approximated  by: 

V  =  CX 

V  *  Striking  velocity  in  ft/sec 

C  =  571  ft/sec •  inches 

X  »  Depth  of  penetration  measured  perpendicular  to  the  Nu-Wood 
surface  to  center  of  gravity  of  fragment  (inches). 

Fragment  hreakoffs  are  located  at  the  point  where  the  fragment  is 
found.  Pieces  will  be  found  at  the  larger  piece  fragment  location.  No 
breakoffs  were  found  along  the  Nu-Kood  path. 

An  examination  of  bore  sight,  fragment  entrance,  and  finalized 
position  in  Nu-Wood  co-ordinates  reveals  no  appreciable  air  deflection 
and  Nu-Wood  deflection  of  fragments.  Air  deflection  could  be  attributed 
to  the  sabot  aiming  the  fragment  after  exit  from  the  Mann  barrel.  Since 
the  Nu-Wood  deflection  is  slight,  no  transformations  are  made  on  the 
perpendicular  to  Nu-Kood  surface  penetration  data.  All  the  penetration 
data  in  Figure  3  need  not  be  corrected  for  the  slight  angular  deflections 
in  Nu-Wood. 

Some  other  interesting  facts  found  from  testing  are: 

a.  The  recovered  fragments  hfcd  Mu-Wood  clinging  to  them. 

b.  As  the  fragment  goes  deeper  into  the  Nu-Wood  it  tends  to  make 
a  large  and  less  clean  or  sharp  hole.  This  could  be  attributed  to  Nu- 
Wood  building  up  on  the  fragment  as  it  penetrates. 

c.  The  lexan  sabot  will  be  dented  on  its  base  from  the  fragment's 
initial  momentum  impulse. 

d.  For  better  air  flight  stability  a  sabot  fitting  a  fragment  is 
better  than  a  sabet  with  a  hole  too  large. 


TABLE  II.  PRESENTED  AREAS  AND  PERIMETERS 
OF  IMPACTING  15-GRAIN  BOMB  FRAGMENTS 
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Figure  5.  15-Grain  Bomb  Fragment  Impact  Presented  Areas  and  Perimeters 
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TABLF.  III.  MOMENTUM  PENETRATION  INTO  NU-WOOD 
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SECTION  V 
CONCLUSIONS 

Tht  fundamental  conclusions  are: 

a.  The  existing  Thor  equation  predictions  for  cylinders  do  not 
fit  actual  lS-grain  bomb  fragment' data . 

b.  depth  of  penetration  into  Nu-Kood  is  not  a  reliable  method 
to  predict  the  velocity  of  lS-grain  bomb  fragments. 

c.  The  fragments  are  momentum  and  not  Vinetic  energy  penetrators. 

d.  The  depth  of  penetration  is  not  a  primary  function  of  the 
presented  area  and  perimeter  of  the  impacting  fragments  for  !W00  ft/sec 
and  S000  ft/sec  striking  velocities.  Shots  at  1 000  ft/sec  indicate  that 
depth  of  penetration  is  a  primary  function  of  the  perimeter  and  presented 
area  of  the  fragments. 
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